Immunoglobulin Y (IgY) is transferred passively from maternal circulation to the yolk. The aim of this study was to determine whether the concentration of yolk IgY is affected by forced molting in hens. Molting was induced in laying hens of 515-days-old with 3-4 eggs in a sequence by the withdrawal of feed. Yolk samples were collected before the feed withdrawal (premolt), and 4 and 10 days after relaying (postmolt). Serum samples were collected before and 2 days after feed withdrawal, 3 days after cessation of laying, 4 and 10 days after relaying. The concentrations of IgY in the yolk and serum were determined by ELISA. IgY concentration in the yolk was significantly greater in postmolt hens than that of premolt hens. Although IgY concentration was slightly decreased in the yolk 10 days after relaying compared with 4 days after relaying, it was still significantly greater than that of premolt hens. Serum IgY concentration increased significantly during molting and remained higher in hens until 4 days after relaying. In the hens 10 days after relaying, serum IgY concentration decreased significantly and returned to almost a same level as that of premolt hens. These results indicate that IgY concentration in egg yolk is increased during early phase of postmolt.
Introduction
In laying hens, circulating immunoglobulin Y (previously called as IgG, Higgins, 1996) is actively transferred into the yolk through the granulosa cell layer of developing follicles (Leslie and Clem, 1969; Rose and Orlans, 1981) . Yolk IgY is important as antibodies that help to protect the embryo and the chicks from pathogens in a period before its immune capabilities are fully matured (Dohms et al. 1978) . Although the phenomena of specific antibody production is well-documented, reports on the factors affecting the maternal antibody transfer are very limited. Recently we found that IgY concentration was higher in the yolk of young laying hens than in that of old laying hens (Barua et al., 2000) . Also, IgY-containing cells were localized in the ovarian stroma and theca of cortical follicles and their population was greater in the ovary of young laying hens than in that of old laying hens (Barua et al., 1998) . Furthermore, IgY concentration in yolk as well as IgY-containing cells in the ovary were significantly increased by a treatment of birds with estrogen (Barua et al. ,1998; Barua et al., 2000) . These findings suggest that the concentration of yolk IgY and the population of ovarian IgY containing cells are affected by estrogen as well as reproductive ability of hens.
Forced molting is a method that exerts beneficial effects on the egg production (Roland and Brake, 1981) . Forced molting produces the pronounced physiological effects in chickens involving changes in the reproductive, hematologic, endocrine and immune systems (Berry et al., 1987) . During forced molting, ovarian tissues including ovarian follicles were regressed, estrogen production decreased with cessation of laying, and subsequent resumption of feed led to the restoration of ovarian functions with the rejuvenation of ovarian tissues (Brake and Thaxton, 1979) . Although the effects of forced molting on the subsequent egg production have been extensively studied, very few researches have been done regarding the effects of forced molting on the immune functions of birds. One of the major functions of hen ovary is to transfer IgY into the eggs, hence it is possible that forced molting which improves ovarian function may also affect the transmission of IgY to the egg yolk. However, there is no report concerning the effects of forced molting on the transmission of IgY in domestic fowl. The aim of the present study was to determine whether IgY concentration in egg yolk is affected by forced molting.
Materials and Methods

Birds
White Leghorn laying hens of approximately 515-days-old and laying 3-4 eggs in a sequence were kept under a light regimen of 14h light: 10h dark. Molting was induced (n=4) by the withdrawal of feed as described previously (Heryanto et al., 1997) . Oviposition was recorded for each bird and they stopped laying 3-5 days after feed withdrawal. Feeding was resumed 3 days after cessation of laying in each bird and birds resumed laying within 13-16 days after the resumption of feeding. Blood samples were collected before feed withdrawal (D0), 2 days after feed withdrawal (D 2), 3 days after cessation of laying (DC3), 4 days (RL4) and 10 days (RL10) after resumption of laying. Eggs were collected on D0, RL4 and RL10. Another group of laying hens (n=4) of same age was used as control which were provided with feed and water ad libitum. Blood samples of them were collected on the same day as Day 0 of experimental group (cD0), 2 days, 6 days, 23 days and 27 days after the first collection (namely, cD2, cDC3, cRL4 and cRL10). Their eggs were collected on cD 0, cRL4 and cRL10. One laying hen (515 days of age) out of the experimental group was selected randomly, and serum and yolk was used as standard for the determination of serum and yolk IgY in ELISA. Collection of samples:
Yolk samples were collected as described previously (Hatta et al., 1990) . Briefly, egg yolk was separated from the albumin, washed with PBS to remove albumin and then 
D0 (P<0.01).
In the yolk of RL10, IgY concentration was lower than that of RL4, but was still higher than that of D0 (P<0.01).
In control hens IgY concentration in the egg yolk did not change significantly during the experimental period. (Barua et al., 2000) . Forced molting may improve ovarian functions in Fig.2 postmolt hens by the tissue rejuvenation of ovary. With the remodeling of ovarian tissues estrogen production was increased and birds resumed laying with an improved rate (Hoshino et al., 1987) . The granulosa cells of growing preovulatory follicles contain estrogen receptors (Yoshimura et al., 1995) , suggesting that transport of yolk substances may be affected by the interactions of estrogen and its receptors. It is assumed that higher estrogen level in postmolt hens might cause a greater response of the granulosa cells, resulting in transmitting a greater amount of IgY. It is also possible that some other functions of the granulosa cells to transmit IgY might be improved by the rejuvenation of ovarian tissues. Further studies are needed to determine the duration that the level of yolk IgY is kept higher.
In conclusion, we suggest that the eggs laid during early phase of postmolt are likely to contain increased level of IgY in the yolk. The increased level of plasma IgY during molting and the improvement of IgY transmitting ability of ovarian follicles may be the factors responsible in this mechanism.
